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(54) HIGH FREQUENCY AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a high gain without increase of power 
consumption. 

SOLUTION: A high frequency amplifier is constituted of a first transistor Q1 1 to 
amplify and output a high frequency signal to be inputted in a signal input terminal 11a 
matching circuit 1 3 between stages to be constituted of plural reactance elementsto 
define an output signal of the transistor Q1 as input and a second transistor Q12 to 
amplify the high frequency signal to be inputted via the matching circuit 13 between 
stages and to output the amplified signal to a signal output terminal 15. Impedance 
matching is performed between output impedance of the transistor Q11 and input 
impedance of the transistor Q12 and bias current which is the same as the one to be 
supplied to the transistor Q12 is commonly supplied to the transistor Q1 1 by the 
matching circuit 13 between stages. 




CLAIMS 



[Claim(s)] 

[Claim 1]Have the followingand said interstage matching circuit performs an 
impedance match of output impedance of said 1st transistorand an input impedance 
of said 2nd transistorand. High-frequency amplifier supplying the same bias current as 
bias current which flows into said 2nd transistor to said 1st transistor. 
The 1st transistor that amplifies and outputs a high frequency signal inputted from a 



signal input terminal. 

An interstage matching circuit which is constituted by two or more reactive elements 
and considers an output signal of said 1st transistor as an input. 
The 2nd transistor that amplifies a high frequency signal inputted via said interstage 
matching circuitand is outputted to a signal output terminal. 

[Claim 2]The high-frequency amplifier according to claim 1 having an output matching 
circuit which performs an impedance match of output impedance of this 2nd 
transistorand said load circuit to an output side of said 2nd transistor. 
[Claim 3]The high-frequency amplifier according to claim 1 or 2wherein said 1st 
transistor and said 2nd transistor constitute a grounded gate amplifying circuit or a 
base grounding amplifier circuit. 

[Claim 4]Cascade connection of two or more transistors which constitute a grounded 
gate amplifying circuit or a base grounding amplifier circuit is carried out via an 
interstage matching circuit which consists of two or more reactive elementsSaid 
interstage matching circuit performs sauce of a drain of a transistor of the preceding 
paragraphor output impedance of a collector and a latter transistoror an impedance 
match with an input impedance of an emitterand. High-frequency amplifier supplying 
bias current which flows into a latter transistor via said interstage matching circuitand 
common bias current to a transistor of the preceding paragraph. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the high-frequency amplifier suitable 
for the wireless circuit of the portable device with which the high-frequency amplifier 
used for radio is startedespecially high gain and low power consumption are demanded. 
[0002] 

[Description of the Prior Art]As conventional high-frequency amplifierLiterature "A 
by Mr. Hershel Ainspan and others. 6.25 GHzLowDC Power Low-Noise. Amplifier in 
SiGe"Proceedings of IEEE 1997and Customlntegrated Circuits Conference pp.9.2.1- 
9.2.4 are known. 

[0003] Drawing 6 is a figure showing the outline of the principal part of the high- 
frequency amplifier indicated in this literature. The high frequency signal inputted into 
the input terminal IN is amplified by the grounded emitter amplifying circuit 
constituted by the transistor Q1. The transistor Q2 for avoiding the influence of 
mirror capacity was connected to the collector of this transistor Q1and this has 
prevented the gain reduction in high frequency. Such connection of transistor Q1 and 
Q2 is called cascode connection. After the collector current of the transistor Q2 is 



changed into a voltage signal by the load circuit which consists of the inductor L and 
the capacitor Cit is taken out by the output terminal via the emitter follower circuit 
which consists of the transistor Q3 which functions as an output buffer. 
[0004]In the high-frequency amplifier using such cascode connectionthe element 
which is functioning as a power amplification element is only the transistor Q1 as a 
matter of fact. That isin drawing 6 the same bias current is flowing into the transistor 
Q1 and Q2 in commonand Q2 has inputted the collector current of Q1 into the 
emitter directly. In a bipolar transistorsince impedance of a collector output is high 
and an emitter input has low impedancethe output current from the collector of the 
transistor Q1 is efficiently received and passed to the transistor Q2. 
[0005]Howeverwhen it thinks as delivery of the electric power from the collector of 
the transistor Q1 to the transistor Q2the transistor Q1 and the transistor Q2 are in 
the situation of mismatching. For this reasonthe power amplification can expect only 
the increment by the reduction effect of mirror capacity compared with the case of 
transistor Q1 simple substance. 
[0006] 

[Problem(s) to be Solved by the Invention]Since the number of the transistors which 
function as a power amplification element in the conventional high-frequency amplifier 
is one as mentioned abovepower gain is not so high. When it was going to acquire the 
higher profitthe same circuit needed to be connected to two or more step columnand 
there was a problem that power consumption increased. 

[0007]This invention is made in order to cancel such a problemand it is a thing. 
The purpose is to provide the high-frequency amplifier which can realize high gain 
without being accompanied by increase. 

[0008] 

[Means for Solving the Problem]In order to solve an aforementioned problemthis 
invention is characterized by high-frequency amplifier comprising the following. 
The 1st transistor that amplifies and outputs a high frequency signal inputted from a 
signal input terminal. 

An interstage matching circuit which is constituted by two or more reactive elements 

and considers an output signal of the 1st transistor as an input. 

The 2nd transistor that amplifies a high frequency signal inputted via this interstage 

matching circuitand is outputted to a signal output terminal. 

An impedance match of output impedance of the 1st transistor and an input 

impedance of the 2nd transistor is performedand an interstage matching circuit is 

constituted so that the same bias current as bias current which flows into the 2nd 

transistor may be supplied to the 1st transistor. 

[0009]an output matching circuit which performs an impedance match of output 
impedance of the 2nd transistorand a load circuit to an output side of the 2nd 
transistor — pan ****** — things are desirable. 



[0010]In high-frequency amplifier of this invention constituted in this way. An output 
output of the 1st transistor is changed into low impedance by interstage matching 
circuitand since it becomes a signal with larger current amplitude and a small voltage 
swing and is inputted into the 2nd transistordelivery of electric power from the 1st 
transistor to the 2nd transistor is performed efficiently. Thereforeif an impedance 
match of an output side of the 2nd transistor is taken appropriatelynot only the 1st 
transistor but the 2nd transistor will function effectively as a power amplification 
elementand a high profit will be acquired. 

[001 1]By combining the 1st transistor and 2nd transistor via an interstage matching 
circuitSince the same bias current flow as a bias current flow which flows through the 
2nd transistor flows into the 1st transistor in common via an interstage matching 
circuitpower consumption is stopped on a par with the conventional high-frequency 
amplifier on which only the 1st transistor functions as a power amplification element. 
[0012]In this inventionthe 1st transistor and 2nd transistor are preferably constituted 
as a grounded gate amplifying circuit or a base grounding amplifier circuit. About the 
1st transistorit carries out as a grounded source amplifying circuit or a grounded 
emitter amplifying circuitand although it may constituteif it is a grounded gate 
amplifying circuit or a base grounding amplifier circuitcombination between the 1st 
[ by interelectrode capacitance of the 1st transistor ] and 2nd transistor will be 
prevented more certainly. 

[0013]This invention can also have composition which carried out cascade connection 
of many transistors via an interstage matching circuit further. Namelycascade 
connection of two or more transistors which constitute a grounded gate amplifying 
circuit or a base grounding amplifier circuit is carried out via an interstage matching 
circuit which consists of two or more reactive elementsAn interstage matching circuit 
performs sauce of a drain of a transistor of the preceding paragraphor output 
impedance of a collector and a latter transistoror an impedance match with an input 
impedance of an emitterand. It may be made to supply bias current which flows into a 
latter transistorand common bias current to a transistor of the preceding paragraph. 
[001 4]A higher profit can be realized without increasing power consumption by having 
such composition. 
[0015] 

[Embodiment of the Invention]Hereafterone embodiment of this invention is described 
with reference to drawings. 

(A 1st embodiment) Drawing 1 is a circuit diagram of the high-frequency amplifier 
concerning a 1st embodiment of this invention. Although the case where a bipolar 
transistor is used as a transistor is explainedit can also constitute from this 
embodiment using MOSFET. 

[0016]In drawing 1 the signal input terminal 11 into which the high frequency signal 
RFin is inputted is connected to the input edge of the input matching circuit 12 
constituted by the capacitor C1and C2 and the inductor L1and the outgoing end of 



this input matching circuit 12 is connected to the base of the 1 st transistor Q11. DC- 
bias-voltage Vbiasl is impressed to the base of the transistor Q11 via the inductor 
L1 in the input matching circuit 12. The emitter of the transistor Q11 is grounded via 
the inductor L2 for DIJIENE rations for expanding the linearity range. The transistor 
Q11 constitutes the grounded emitter amplifying circuit. 

[0017]The collector of the transistor Q11 is connected to the input edge of the 
inductor L3the capacitor C3and the interstage matching circuit 13 that comprises 
C4and the outgoing end of this interstage matching circuit 13 is connected to the 
emitter of the 2nd transistor Q12. DC-bias-voltage Vbias2 is impressed to the base 
of this transistor Q12. The transistor Q12 constitutes the base grounding amplifier 
circuit. 

[0018]The collector of the transistor Q12 is connected to the input edge of the 
output matching circuit 14 constituted by the inductor L4 and the capacitor C5. The 
outgoing end of this output matching circuit 14 is connected to the signal output 
terminal 15and the high frequency signal RFout amplified from this signal output 
terminal 15 is outputted. The transmission line with a characteristic impedance of 50 
ohms is connected to the signal output terminal 1 5for example. 

[0019]Nextoperation of this high-frequency amplifier is explained. The high frequency 
signal RFin inputted into the signal input terminal 1 is supplied to the base of the 
transistor Q1 1 via the input matching circuit 12is amplified by the transistor Q1 land 
is outputted from a collector. The transistor Q1 1 constitutes the grounded emitter 
amplifying circuitand its output impedance of the collector which is an output is high. 
[0020]The collector output of the transistor Q11 is changed into low impedance by 
the interstage matching circuit 13serves as a signal with a small voltage swing with 
large current amplitudeand is inputted into the emitter of the transistor Q12. That 
isthe interstage matching circuit 13 keeps the electric power of the inputted signal 
almost constantand changes the ratio of impedancei.e.currentand voltage. 
Thereforeunlike the collector of the transistor Q11and the conventional high- 
frequency amplifier which linked the emitter of the transistor Q12 directlybigger signal 
current than the output current of the collector of the transistor Q1 1 flows into the 
emitter of the transistor Q12 from the interstage matching circuit 13. 
[0021]In this casealthough the current of the amplitude appears mostly with the 
current inputted into the emitter in the collector of the transistor Q12the impedance 
of the collector is it is high and higher than the characteristic impedance of the 
transmission line connected to the signal output terminal RFout. Thenif the output 
impedance of the collector output of the transistor Q12 is lowered and an impedance 
match with the transmission line is taken by the output matching circuit 14the 
transistor Q12 will also function effectively as a power amplification element. 
[0022]On the other handthe transistor Q1 1 and the bias current flow of Q12It flows 
into the collector of the transistor Q12 via the inductor L4 of the output matching 
circuit 14 from the source end Vccand flows into the collector of the transistor Q11 



via the interstage matching circuit 13 from the emitter of the transistor Q12 further. 
That isthe same bias current flow as the bias current flow which flows through the 
transistor Q12 flows into the transistor Q11 in common via the interstage matching 
circuit 13 by combining the transistors Q11 and Q12 via the interstage matching 
circuit 13. Thereforeonly the transistor Q1 1 of power consumption is the same as 
that of the conventional high-frequency amplifier which functions as a power 
amplification element. 

[0023]Thusthe high-frequency amplifier of this embodiment connects the transistor 
Q11 and Q12 by the interstage matching circuit 13and supply the same bias current 
flow to both the transistors Q11 and Q12 in commonand. Not only the transistor Q11 
but the transistor Q12 is operated as a power amplification element. Thereforehigh 
power gain can be obtained as compared with the case where a power amplification 
element is independent [ transistor Q1 1 ]without increasing power consumption. 
[0024](A 2nd embodiment) Drawing 2 is a circuit diagram of the high-frequency 
amplifier concerning a 2nd embodiment of this invention. When identical codes are 
attached and explained to drawing 1 and a corresponding portionthis embodiment 
differs from a 1st embodiment in that the 1st transistor Q1 1 constitutes the base 
grounding amplifier circuit. 

[0025]The input matching circuit 12 is constituted from this example by the inductor 
L5and L6 and the capacitor C6and that output terminal is connected to the emitter of 
the transistor Q11. And DC-bias-voltage Vbiasl is supplied to the base of the 
transistor Q1 1 . The collector of the transistor Q1 1 is connected to the input terminal 
of the interstage matching circuit 13. Other composition is the same as that of a 1st 
embodiment. 

[0026] Although the transistor Q11 and Q12 constitute the base grounding amplifier 
circuit from both high-frequency amplifier of this embodimentThe impedance match of 
the output impedance of the transistor Q11 and the input impedance of the transistor 
Q12 is taken by the interstage matching circuit 13By furthermore taking the 
impedance match of the output impedance of the transistor Q12and the impedance of 
the signal output terminal 15high power gain is realizable. 

[0027]Like a 1st embodimentsince a bias current flow is supplied by the interstage 
matching circuit 13 common to the transistor Q1 1 and Q12low power consumption 
becomes possiblerealizing high gain. 

[0028]Since the transistor Q11 is a common basethe high-frequency amplifier of this 
embodiment also has the advantage that the combination during input and output by 
the interelectrode capacitance of the transistor Q11 can be prevented more certainly. 
[0029](A 3rd embodiment) Drawing 3 is a circuit diagram of the high-frequency 
amplifier concerning a 3rd embodiment of this invention. This embodiment transposes 
the bipolar transistor Q1 1 in a 2nd embodimentand Q12 to MOS transistor M1 1 and 
M12 in a field effect transistor and this example. 

[0030]That isthe sauce of the transistor M1 1 is connected to the output terminal of 



the input matching circuit 12and a drain is connected to the input terminal of the 
interstage matching circuit 13. The sauce of the transistor M12 is connected to the 
input terminal of the interstage matching circuit 13and a drain is connected to the 
input terminal of the output matching circuit 14. And DC-bias-voltage Vbiasl is 
supplied to the gate of the transistor M11and DC-bias-voltage Vbias2 is supplied to 
the gate of the transistor M12. 

[0031] Although the MOS transistor is cheap as compared with a bipolar transistorin 
the same consumed electric currenta transconductance is small. According to this 
embodimentthe fault of such a MOS transistor can be compensated and high gain and 
low power consumption can be realized like a 2nd embodiment. 
[0032](A 4th embodiment) Drawing 4 is a circuit diagram of the high-frequency 
amplifier concerning a 4th embodiment of this invention. This embodiment extends a 
3rd embodiment and is carrying out cascade connection of three MOS transistors 
M11M12and M3 via interstage matching circuit 13-113-2 between each. Each of 
transistors M1 1M12and M3 constitutes the grounded gate amplifying circuitand DC- 
bias-voltage Vbiasl Vbias2and Vbiass3 are supplied to each gaterespectively. 
[0033]The bias current flow of the transistor M11M12and M3 is a course of the 
source end Vcc to the output matching circuit 14 -> transistor M3 -> interstage 
matching circuit 13-2 -> transistor M12 -> interstage matching circuit 13-1 -> 
transistor M11 -> input matching circuit 12It flows through each transistor 
M11M12and M3 in common. 

[0034]Thusaccording to this embodimentas compared with a 3rd embodimentthe 
further high gain-ization is realizable with the same power consumption by increasing 
one transistor which functions as a power amplification element. It is also possible to 
attain much more high gain-ization by similarly increasing further the transistor and 
interstage matching circuit which carry out cascade connection. 
[0035](A 5th embodiment) Drawing 5 is a circuit diagram of the high-frequency 
amplifier concerning a 5th embodiment of this invention. The high-frequency amplifier 
concerning this embodiment changes into balanced type composition the high- 
frequency amplifier shown by a 3rd embodiment. That ishigh frequency signal RFin+ 
set to signal input terminal 21-121-2 of a couple from a differential signal and RFin- 
are inputtedand the sauce of MOS transistor M11-1 and M1 1-2 is supplied via the 
input matching circuit 22respectively. DC-bias-voltage Vbiasl is given in common to 
the gate of transistor M11-1 and M11-2. 

[0036]The drain output of transistor M11-1 and M11-2 is supplied to the sauce of 
MOS transistor M12-1 and M12-2 via the interstage matching circuit 23 of balanced 
type compositionrespectively. DC-bias-voltage Vbias2 is given in common to the gate 
of transistor M12-1 and M12-2. And it is outputted from the drain of transistor M12- 
1 and M12-2 as high frequency signal RFoutl set to signal output terminal 25-125-2 
of a couple from a differential signal via the output matching circuit 24 of balanced 
type compositionand RFout2. 



[0037]thusthe 1st - the same effect as a 4th embodiment are acquiredand also the 
case of balanced type composition has the advantage that the influence of the 
parasitism impedance of a bias circuit or noise which supplies DC-bias-voltage Vbias! 
and Vbias2 is smallwith balanced type composition. 
[0038] 

[Effect of the InventionjAs explained abovethe high-frequency amplifier of this 
inventionThe transistor for main amplification of the side into which a high frequency 
signal is inputtedand the transistor for avoiding to this the influence of mirror capacity 
by which cascode connection was made by connecting via the interstage matching 
circuit for an impedance matchAs the latter transistor is also operated as an 
amplifiera high profit can be realizedand moreoverlike the conventional high-frequency 
amplifiersince both transistors can be operated by a common bias current flowit has 
the effect that power consumption is low. 

[0039]Thereforethe high-frequency amplifier of this invention fits the wireless circuit 
section of a portable telephone or a Personal Digital Assistant which uses a cell as a 
power supplyand the more nearly prolonged communication of it is attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the composition of the high-frequency 
amplifier concerning a 1st embodiment of this invention 

[Drawing 2] The circuit diagram showing the composition of the high-frequency 
amplifier concerning a 2nd embodiment of this invention 

[Drawing 3] The circuit diagram showing the composition of the high-frequency 
amplifier concerning a 3rd embodiment of this invention 

[Drawing 4] The circuit diagram showing the composition of the high-frequency 
amplifier concerning a 4th embodiment of this invention 

[Drawing 5] The circuit diagram showing the composition of the high-frequency 
amplifier concerning a 5th embodiment of this invention 

[Drawing 6] The circuit diagram showing the composition of the conventional high- 
frequency amplifier 
[Description of Notations] 
1121-121-2 ... Signal input terminal 
1222 ... Input matching circuit 
1323 ... Interstage matching circuit 
1424 ... Output matching circuit 
1525-125-2 ... Signal output terminal 
Q11M11M21-1and M21-2 ... The 1 st transistor 



Q12M12M13M22-1M22-2 ... The 2nd transistor 



<19)H*fil#ffF;f (JP) 02) & ^ ^ fft & (A) (U)ttfffWftN** 

#982000 -223963 
(P2000 - 223963 A) 
(43)&MB ¥^E12^8 £110(2000.8.11) 



(51) IntCl. 7 




F I 




H 0 3 F 3/19 




HO 3 F 


3/19 5 J 0 9 2 


1/22 






1/22 






**** 


8*3RJS©ft4 OL (^ 7 H) 


(21)tilBSMJ 


#mm 1-21299 


(71)ffiWA 


000003078 










(22)miRB 


¥^ll¥ 1 E29H (1999. 1. 29) 




#&/l|»/ll«ffi^E8JII"T72#i6 






(72)&9!# 


ujk is* 






















C72)SWI# 


mm m 








mt}m)i\*ffi*&&iWK£N i *» * 














(74)«9!A 


100058479 








#3B± ttff it* (*6£) 










(54) y£W©«|*3 









(57) [mm] 

fl»A*J*»? 1 1 lcA**nSS®jft(B^ 
2*^6**. fiMlflttdlslttl 3M\ h7>->A^Q1 1 



14 tf)*>lt£Blft 



r-13 KtnitftBK 



RRn 




(2) 



1fBS2 0 00-223963 



HWH»#©ttH] 

mxm 1 1 y A7j;*- ft**/s»fl»* 

mi LTtt^r ^sr 1 co h 7 v-^x* <hs 
*»©y7 7 **vx*?tc«fcy«lj*tf*u ityfBMicoi- 

LTfi^Wfl^tc Art*** 2 5 

V kT- * > X t Iff SB* 2 CD r- =7 V 5>X * CO A7J -f > fcf- 
^VXtco^Vt-^VXSI^&^i:*^ buIBHI2 
CO h 5 >v?X * « T'XmSit <tlH— <DJ W T'X 

nm*vtfBM 1 co r- =? y'jxzicwifeTz z. t zftrnt 

[58#H2] t51ES2coh^>i>X£cOffi7JflWI;: N KM 

2 co h 5 >y x ^ coffl^-r > tr- -^^x <h b3I3&^hik 

[W5RIS3] ftJIB^I CO hvVi> 7.^*5 J: ^13^2 CO 
Htt*«Wir £«»C0 h ^ > 5>X * *«&co VT9*> 

x*¥frzr*%m?£&^mm*ft^TmffimffiL, tuts 

fSISSg^lElS&U: <fc y tuScO h 7 > >>'X * CO K U-f V £ 
ti=l L"7*C0iii7D-r" VbT-^VXi^lScO h7>i>'X^ 
CO V - X $ /c li x = -y* CO A*K > tf— SO X <!: CO -f > 

'TyxmiffifctufSco ^>v*x*K«*S-r*c:<!:£1S?iS 

[000 1] 

ft 3 SJS WttHttcfll y % 15 lcK*i.H#fr-3f£-;imtt7J 
E3?7*-n^»l*«ISco»J|«lHlffilc®L/cS)S;fiJilSg^ 

[0 0 0 2] 

[«£3fcc0«ffi] (^©WBSMMHIfc LTs Hershel Ai 
nspanftipUrJ^XSK "A 6.256Hz LowDC Power Low-No i 
se Amplifier in SiGe" .Proceedings of IEEE 1997,Cu 
stom Integrated Circuits Conference pp. 9. 2. 1-9. 2. 4 

[0003] 06ii, c<DXtticiB«SftfcWsa»iMi 

&(0±ggpco«tlBg£^-f 0T-fc£o ATJ&ifr?- 1 N KA7D 

fnssnnifit h^vyx^Q i KJcyatj^ft 

5 1 5 -y^«it61tffi[g{»^J:oTtii|S*n«o CCOr-7 
Vv'X-S' Q 1 tO^U-f ^icH^-SMcO^W^IsliBr^ 
/ci&CO r- =7 > 5>X* Q 2 ib^iJ^, £ ft K J: *J SJSSZ 



7©iPJ1lfiTtl»^W«. l-7>yx?Q1, Q2C0 
Z.<TiHr>rs.wm.t. fcxzi- KSM^W4i7^«. h 
7>^X*Q2co:3U?$m>JlH*s -O^^Li+t 
/ \°-> * C 6 * « AffilslBlc <fc y ffiff fi^tc^S5*n/c 

& * 1 5 -y * 7 * □ 7 13»^ LTtU^^IX U t±l * 

ft^o 

[0 0 0 4] £CO<J:-3fc2jX=]- KJ£ffi£ffll/'fcSffi» 

ASUih^Vv-'X^Q 1 CO^Tfc*, r**>-5» EI6IC 
fcl^T r-"7>>>'X*Q 1 , QHCltmCJU TXlSffitf 

«iiic3snTfcy^ Q2t*Qi coziu^^m^asx 

S-ySUCA^LT^o r-^V^XSKfcl/* 

^ji*-f vtr-^vx^fi^fc*. h5vs>z*Q i <©a 

U^"Jf^6<oaj^a3it«%^J:< r-7>v > 'X^Q2(C§ 

[0 0 0 5] L^Ls h^Vv'X-S'Q 1 <DZlls?*frZ 
h ^ >y X^ Q 2 ^\(Ott^JCO§^;S L i: LT*ZX% t , 
h^Vv^X^Q 1 <t h7>v > "X^Q2liSX^ y5 1 >'?" 
C0«>Rlc*5o C:c0/c46x 1B^i«i)S^*r-^>^X^Q 

1 *f*<0«^tib^T, S^-SMco^JBbmic^^ig 

[0 0 0 6] 

v>X ^ « 1 ST« « /c«)> tt^J f'J^li « y A < ft l\> 

[0007] *#gB^i, cco^^ftp^a^^-r^/c 

AfelCft^n/ctCOT^yx ^mE73<0ii^«r#5c:<!:ft 
[0 0 0 8] 

[pa^»*-ri)/c«>co^s] ±iB««*<»»{-r*fc 

46. *^lc^^ffiJD»«!i|lfll*. •fI^A734S?J:yA 
73*tx^iBJl;^f^tiitsLTai73T^m 1 co Vv>" 

x^<t> ^»coy7">^>xjR^icj:y«ifi)ci*-nv mi 
co h 7 vi>x^ co aj 73^^73 <fr sans&Btt 

^KOSP^ISI^lHlK^^LTATJXrn^S^a^^ 

ten LTffi#dd7j4fl5? tctHTj-r 2 co h 5 > v>'x^ t 
6^eft*, snaK^mssii. ^1 cor-^y-^x^coaiTj 

-<> t - X <t m 2 <0 r- 7 > v'X ^ CO A73 -r > t°- ^ 
>Xi<0-r>t:°-^>XSI^^^^<!:«^, m2coh5 
> ->X ^ icSfofl* / S'-f 7XS;1 1 CO/ m^il «• 

m 1 co h =p y >>x ■$» ic-et!f<g-r ^ <t 3 ic«^* n^c 

[0 0 0 9] */c. m2C0r*5Vv'X-?C0tlj7Jffl'JlC> M 

2 CO h =7 > v"'X -S« C0tiJ7J -f > If- ^>X <!: ^fiflsin <t <0 



(3) 



1fB820 00-2 23 96 3 



[0 0 10] E©J:3fc*JS*ft***IB®*fl»iiM 

m 1 © h7>i>x*©&7jffi7jtfisftssi£@ss 

tc* y v e-*v*lc*SMr*u J; »J *aHM#* 
* < IIIitf'J^«:19 tftoTJ|20h7^X* 
KA7J3mSf;:«>. Ml©l»5V5>;***f'SW2©h^ 

[0 0 1 1] $fc. mi coh^>v''X'S'<!:3t2£>K i 7y 
5>X * tfftMS$ls]K«^ LT*6£**lTVS E <h * 

y v sgi©(-7^x$ ici±s 2 © h 5 >>>'x * 
s mmt k t 7 xrnsn <t n ui*^ w t xn^ms^ 

mmmst ^m\.mx ens. 

[0 0 12] SWHUICSCT* 311 ©t-^Vv^fccfc 

&*tci*^-7>mmmto®&£L-zm&Lzn*o mi© 
5>x*n©t£*#j: y 5tnicf»±*n«o 

[0 0 13] £7c. 2|s:ieB^li^6lC^a<Dh-7>yx^ 

x»d«i*is»*«jar*««© >yx***«© 

^S^HlKlCtytijIft© Vv>X*© h'K 
>£rcli=l U-5"5*©tii7J-r>kf— ?>X<!:&fS!CD 
v>X £ © V - 7. $ fctex = <y £ 0 A7J -T > tf- # > 7. £: 

©-r v^-5rvx«d*ff^t«ic isch7>^ 

[ooi4] c(D&orimmt?zztic£v. mmw 

tfT-^s, 

[0 0 15] 

[^©*Sfi©mig] «T, HBB*#IBLT*aifi©- 

(* 1 commm m 1 *80£©m 1 ©jmreau;: 

^>->"x * £ lt/ w ^-5h7> v>x * *m^tc.m-£ 
[z-o^Twrnt*-®. mosfet zm^xmrnt s c 

[0 0 1 6] EHlci5^T\ BJSjBrti^R FintfAft* 



*--7<?L 1 K<fcyfllB)63rtlSA7JS^[s]S&1 2CDA734* 

immzft. e©a*)M£Ih]!&i 2©ai^4si*aii©h 

^Vv-'X^Q 1 1 ©^-XtC&ffi^TttSo h^V-^X* 
Q1 1 ©^-XlCl*. A7]SI£-|h]S& 1 2^0^>^<7^ 
L 1 ^^>LTiS-/iK/W7 7 7.ttEVbias1#iefll)0?nT^ 
S» h^Vv'A^Q 1 1 ©xS-y^li, ijgffJisH^A 
Tfcfctt©^* 5>x*U—>3 VfflfV^^ L 2£rt 
LT&«W*lTl^So h5>>>'X^Q1 Hi, 15^ 

[0 0 17] h7»'X^Q1 iroaL/^$tt> -OSf 

^^L3t+t/^c3, C4<tyfiifi)6*nsiap^s 
yaffil 3 (DAJimcmmzn. c©Kinuraisitti 3 

<7)da7]4ss«SI2(D^^>v ; X^Q1 2©x = -y£U:ffi!& 
■ZtlZo C©h-5>-^X*Q1 2£D-^-X(C^ g>ffiM" 
-<7'XllEVbias2# ; EPJJPi-tlTt N; 5o h^>i>'X*Q 
1 2«U ^-X&iti«i|g0Sfc£«fieLT^So 
[0 0 18] h7>-^^Q1 2©3U<7^ti N ^>^f 
L4t*^/\°->^ C 5 ICJ: y*fiE^tlSda 7381^0 
S&1 4<DA73lffilCS8S*nSo EtDtH73e^HlKl 4© 
tli*|4fttfl»lll*l*l?1 5(C«|«;**U C©fS^tt*Jiiii 
?1 5^61g"|iS*tX/cAJa^I^R FouttfttjT^ft 
So •fl^ttJ734S^ 1 flijttfWtt'TVtr-i S^>X 

5 o ci<DtemmhmmiEtvz>« 

[0019] mz, ^(OT&m^mm^omi^mmt 

So 1l^A7J4S? 1 lCA73*nS^/a;fi'(l^R F inW\ 
ATJSI'&IhIKI 2S^LTh7>^7$Q1 1 ©^-X 

ic«*STrn> h^vv-x^Q 1 i ic^yi«iis7mT3U 
•7*fre>ai7j*ns„ h^vv-'x-SfQ i i»xs-y** 

KWMIS»*«WiLTfey» tB7JT^S=lU^^a)ai7J 

-<>tf-^>x«st\ 

[0020] h^Vv^'X^Q 1 1 ©aU-7^tti73l*. IS 

p^si-^isiKi sic^y^g-otf-^vxtc^^nx ss 

ana** 5 ** < WEStttM** *fl» <t * o T h v > i>' 
X^Q1 2©x~ -y-SflCATJ^nSo T&to^ HtlBfi 
^•0Sg 1 3 liA7J*nr-dI^©S7J^titi-^^«oT 

-otr-^>x. o$ yu3if(!:iiJi©J±$ : s-^«S"rSo 

fi£^7\ h7>yx^Q1 1©3l/^^th7>v f ^^ 
Q1 2©x~ •yJf^ia!eL/i:fi£Jt5©iSia»tiiteSI<!:S% 

y, h^^^'x^Q 1 i ©=JU"?^©i±J7affi>jftJ;yA^ 

ftfll*«3lBBS««B«0» 1 3ib^h7V^Q1 2 
4)X~ -y ^iCjffEtljifeo 
[002 1] E©Jt^ h^Vv'X^Q 1 2©=1U<7* 
lc«x S y ^IcATJ^nfcmSiliiliS'lllffiilSWllE^il 

?R FoutfcJ«**ft*e38«tt©1#tt^ 
<fcyS<*oT^So f cT\ aU73S^[°iai 4icj:c 
Th^Vv'X'J'Q 1 2<D=lU^^t±i7J©tl37J'r>tf-^ 

>x*t^ fcmm&to)* t% 

h^Vv^X^QI 2t,^73ti1§lS?<!:LT*«]lC«l 
tg-tSo 
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[0 0 2 2] —f5. h5>v>'X*Q 1 1, Q1 20)mM 

/UTxnmts «i®4mVcc^eai^s^iHiKi 4<D^r 

>^^L4«/t'Uh7>v i 'X^Q1 2<DZl[s?tHZ 
ffitl&fr. |>5>y^Q 1 2CDx = <y$ifr6i8 

IHBdBlBl 3*^-LTh5>>>"7.^Q1 
KSinfcfc. -rSfc-S, h^Vv'ASQI 1 £Q1 2# 
3£frLT*£^rtt7V*c:<!:KJ:'A 

h^vv't.'S'q 1 1 icit t-=>-y~jx*Q 1 2-zmnz>w. 
m/ w 77, ra t ra era/ w t 7 xm-^SF^s^iHiK 

1 3*ttLT#»B:3ltn*. ftoT, ?l!ira2H*h5> 

raawMMiimii:?**. 
[0023] c ? ic^^ttorasftMHiii. 

h^>i>'X*Ql 1. Ql 2^©F^ISI^Ih1K1 3 tCcfcf 
£#EU Ih7>v>'X$Q1 1, Ql 21C|^1— ©ra/\' 

* < x ntim^mw h 5 > q 1 1 JH340>j§-&tc 

[0 0 2 4] C%2V>mi&BW) 021*. *^Pfl5)S2 
CD*)5Sm«lC#?.SJl»titiSS©lHiai21T-S*, El 1 £ 

Bl&im 1 (0h7>-^Q 1 1 Jb^-ZJSttMWSlHlB 

[0 0 2 5] A7JS££0S&1 2{^ iK0ff>JT«-f>^ 

^JS^ti h5>v>'X$Q 1 1 <7)l= 'y*UU£#E*n*>„ 
f LT, h7>^$Q 1 1 (D^-Xlcra/^T'Xlt 
JEVbias1i»M«*SS-nTl^o h7>^$Q1 1©3 

*<DM<DMmit, m-\o)mmBi&£mmT:&%<, 

[0026] *Hfifimig0)iSill;fiiiitia«IT1*, h 5 

x*qi 1. qi 2*^ic^-xs%tsieiiia^ti^L 
Ti^ttf, sras^sas 1 3icj:y h7v-^^Qi 1 
oaj^-rvtr— yvxt k^v^q 1 20)Ati^> 

7>^Q1 2(7>fct5*KVt:°~ $f>7.<!:«^ai*j4SH? 

[0027] ai©nsfijKJgtiu«^ sks^ 

E3SS1 3K<fcoT h7Vy7*Q 1 1. Ql 2K#>iK 

[0028] ^mmmcoummm^mt. h 
$qi 1 romsragaKJ^Ads^fs^^s-cfcyst* 

[0 0 2 9] »3©HW El 3^ t&WO&l 



?Q1 1, Ql 2 £111^31 h^V^T.*, ZLOW&t 
MOS h^V^'X^M 1 1, M1 2 lcB$SSS.fct,OT- 

[0030] b^>~Jx*M 1 i cov-xti 

A73S££[°]S&1 2<7)JU;Wffi?lC&«te'*U KU-TV»« 
RSg^ES&l 3 <DA7D4S?lC«^tl*<, *fc» Y=?V 
i?WM1 2<DV-XI*I9!F^S^Ih1K1 3 0A73S«?IC 
KU-<>«ai73SS-&tHlKl 4<DA7J4S?tC}g 
8ttr*l*o fU> l-7>yx$M1 1 W-HCII 
M-f 7 7 7.^JEVbias1JbMa*S3"*U h^V^MI 2 
CDt 1 - h icra/W 7 7 XmJIVbias26 >; «*&* ti^o 
[00 3 1] MOS h5>5>*$H*» Mf*-^ h^V 

CD,J;?£MOS h7>yx$(7)^aL\ SI2<Z)*]56 

[oo32] cm 4 <nmmm m 4 1*. *5#E<7)$g 4 

$g3tf)JlfigmiB*ffi3SU 3OM0Sh7> 

i?7^Mi 1, mi 2, Ms^-^n-^nwraicKP^iea 

ES813-1, 1 3-2£ttLTK*#H£#ELT^3,, h 
7>^M11, M12, M3l*Cvrft*.$ , -h«ft 

Vbiasl, Vbias2, VbiassSA^n^n^iiig* tl^So 
[0 0 3 3] £/c, h7>v*X?M1 1, M1 2, M 3 
Wifi^/^-t'7'X«^*Sj®4SVccfr6t±i7JS^lHll« 1 4 
-» h 5 V v>X £ M 3 -»SHtt^[HlSS 13-2^h7Vv>' 
X*M1 2^SHS^Ih1K1 3-1-»h7»'7$M1 
1 ->A7D^[2lK 1 2 <£>*iS&T\ St>7>^^M1 
1 , M 1 2, M 3^ttillC^tl^o 

[0034] d<D<fc3ic*ii)56mw^j:n«\ m^is 

y» M3^Hfig^fglCJ±RLTIHL:^»S7DT?e*^ 
lcJ:oT, e fc*;-Jl<7)Sfi^b^El^zi<!: ! t»Rr^T* 

[0035] (Ms<D?mmm msit. *«fl©*5 

^jglc^^iS^l^iailSSlis m 3 ©*S6^!gT-^ L/iS 

"5, -«^1^A7J4S^2 1 - 1 , 2 1 - 2 tC^IMI^ 
*^6^i)SJa^B#R F in+, R F in-^A^^ftU At) 
S^-|2lK2 2^LTMOS h^>'yX^M 1 1 - 1 , 

M1 1 -2<ov-7.ic^-n ; Fn«3isST*-n^o h^V-^A 

$M1 1-1, M 1 1 -20)?— htttis S»W7X 
V b i as1 ic ^. 6 tlT •So 
[003 6] h7>-^M1 1-1, M11-2CDK 
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MOS h5>v>'7.£M 1 2- 1 , M12-20V-7.IC 

•^n^'n^Trn^o h7>-^Mi2-i, M12 

- 2©Y- Met*. itaH/W 7 7 XffilIVbias2tf#iIlC 
4jt5mi^o *LT. h5>^X*M12-1. M 

12-20DK u-r >fr*¥mmmi8,<Diiit)&£:®3& 2 4 

*fl-LT-«©«^ai?D**?2 5-1. 2 5-21CMB) 
imfrttZMmMm^R Foutl, R Fout2<t LTtii73 

[0037] C © <fc 3 l=¥«£MlldM>»£ , fe» fg 1 ~Sfl 
4(7)*fifim«8<*:IBl«ro«J*6M#e.n5li6\ ¥«5WSeK 
TttaSS/WT'XWEVbiasl. Vbias2%flt*gr 3/ t-f 

[0 0 3 8] 

?>*sx*ts cwcaxzi- \ £ mmtEtitcs.5'-'8m. 
<dj&w*\°\i&? z rdsbv> h =7 y v*x * £-r v tr— 9 v x 



[mi] 




[0 0 3 9] ft^T> *9B93®ffiJfll:tfWlllti* «»* 

[0 1 ] *5%W<D& 1 099in^lR(c««KJBittlM«HI 

[0 2] *^<Dm2<7)IISS»«tc^^iS^;fiiaitiit§ 

[S3] *5IB^rom3a)ll)5S»fglC^ia)l;aJfi|SS 

[04] *%W©S40SIS6^«|lc^*SS^jKlieS 

[m 5] ^mmomsommmmz^mmmm^ 
[E6] se*©*ji«ii»iis»©fl!^*^-risi»E 

11, 2 1-1, 21-2 - •• fi^A73fiflB^ 

12, 2 2 • • • A7DSI^lElSS 

13, 23 • • • gF«SSg£ls]S& 

14, 24 • • • iti7DSg£l2]8& 

15, 25-1, 25-2 - • • m^iht}®? 
Q11, Mil, M21-1, M21-2 • • • 311 <£> 

Q12, M12, M1 3, M22-1, M2 2-2 • • 
•S2©h7^'X^ 
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